Background: Cytochrome P450 (CYP) epoxygenases metabolize arachidonic acids (AA) to form epoxyeicosatrienoic acids (EETs), which exert beneficial roles in the treatment of cardiovascular diseases, but little is known about its role on adventitial remodeling. Methods: We used C57BL/6J mice in vivo and primary rat adventitial fibroblasts (AFs) in vitro treated with Angiotensin II to investigate the effects of CYP2J2 gene delivery and exogenous EETs administration on adventitial remodeling. Results: CYP/sEH system was found to exist in human adventitia, and involved in adventitial remodeling process. Exogenous EETs administration significantly inhibited Ang II-induced AFs activation, characterized by differentiation, proliferation, migration, and collagen synthesis. These protective effects were partially reversed by PPARγ antagonist GW9662 pretreatment or SOCS3 siRNA transfection. EETs suppressed Ang II-induced IκBα phosphorylation, subsequent NF-κB nuclear translocation via PPARγ dependent signaling pathway in AFs. Additionally, EETs reduced Ang II-induced JAK2, STAT3 phosphorylation and subsequent phosphor-STAT3 nuclear translocation, which were mediated by SOCS3 induction but independent of PPARγ activation. Furthermore, rAAV-CYP2J2 gene delivery reduced vessel wall thickening, AFs differentiation, proliferation and collagen deposition in aortic adventitia induced by Ang II infusion, which were mediated by NF-κB and SOCS3/JAK/STAT signaling pathways in blood pressure dependent and independent manner, respectively. Conclusion: We concluded that CYP2J2 overexpression attenuated Ang II-induced adventitial remodeling via PPARγ-dependent NF-κB and PPARγ-independent SOCS3/JAK/STAT inflammatory signaling pathways.
CYP2J2-Derived EETs

Introduction
Hypertension is a high risk factor of cardiac and cerebrovascular diseases, which is increasing with the aging of population and life style changes. The persistent hemodynamic force of hypertension results in structural alteration of vessel wall [1] . Aorta is composed of three layers: intima, media and adventitia. Unlike intima and media, which are composed of endothelial cells and smooth muscle cells respectively, adventitia layer includes fibroblasts, immunocytes, and adrenergic nerves [2, 3] . Previous studies on vascular remodeling have focused on intima and media [4] , however, growing evidences suggest that adventitia plays a crucial role in maintaining the homeostasis of vessel wall [5, 6] . Even though abundant researches have been reported, the underlying mechanisms of vascular remodeling are not fully understood. Interestingly, more and more studies support the view that adventitial inflammation contributes to the pathogenesis of vascular remodeling [7] .
Cytochrome P450 epoxygenase 2J2 (CYP2J2) is widely expressed in human cardiomyocytes, endothelial cells (ECs) and smooth muscle cells (VSMCs), which metabolizes arachidonic acid to four regioisomeric epoxyeicosatrienoic acids, namely 5,6-, 8,9-, 11,12-and 14,15-EET. Soluble epoxide hydrolase (sEH) hydrolyzes EETs to less biologically active dihydroxyeicosatrienoic acids (DHET) [8] . Accumulating evidences suggest that EETs exert important biological activities in various cardiovascular diseases. Overexpression of CYP2J2 prevented the development of hypertension in spontaneous hypertensive rats (SHR) by enhancing atrial natriuretic peptide expression [9] . CYP2J2 gene delivery ameliorated monocrotaline (MCT)-induced pulmonary artery hypertension and pulmonary vascular remodeling by enhancing eNOS activity, inhibiting inflammation and modifying TGF-β/ BMPR II-smad signaling pathway [10] . Additionally, epoxygenases overexpression or sEH inhibiting offered anti-atherosclerotic effect by inhibiting VSMCs proliferation, migration, and down-regulating inflammatory mediators [11, 12] . Cai et al. [13] reported CYP2J2 overexpression prevented abdominal aortic aneurysm development via PPARγ activation and inflammatory inhibition. These data indicated that CYP/sEH system is involved in the pathogenesis of vascular diseases. However, whether CYP and sEH exist in AFs remains unknown, and whether CYP2J2 gene delivery could attenuate adventitial remodeling needs to be further explored.
Peroxisome proliferator-activated receptor (PPAR) subfamily of nuclear hormone receptors includes three isoforms: PPARα, PPARβ/δ and PPARγ. PPARγ exerts important roles in cellular differentiation, proliferation, lipid and glucose metabolism [14] . Studies showed that PPARγ ligands suppress inflammation by inhibiting the activation of nuclear factor κB (NF-κB), activator protein 1 (AP-1) and signal transducers and activator of transcription (STAT). Moshal et al. [15] reported that CYP2J2 transfection or exogenous 8,9-EET addition phosphorylated AKT and attenuated homocysteine-induced MMP-9 activation by inhibiting NF-κB nuclear translocation, NF-κB-DNA binding, and IκBα activation. Further studies indicated that PPARγ is an effector of EETs, as blocking PPARγ by GW9662 abolished EET/AUDA-mediated anti-inflammatory effect [16] . These results concluded that the antiinflammatory effect of EETs is partially mediated by PPARγ/NF-κB signaling pathway. Janus kinase (JAK)/STAT cascade is well known to be involved in the inflammatory response, and suppressor of cytokine signaling (SOCS) negatively regulates JAK/STAT cascade by a feedback mechanism. PPARγ ligands, 15d-PGJ2 and rosiglitazone rapidly induced the transcription of SOCS1 and SOCS3, which in turn to inhibit JAK activity in activated glial cells [17] . Moreover, 15d-PGJ2 and troglitazone suppressed pancreatitis by inhibiting JAK2/STAT3 pathway through SOCS3 induction [18] . Hence, EETs, as activator of PPARγ, have potential to regulate JAK/STAT signaling pathway.
In this study, firstly, we explore whether CYP/sEH system exists in human aortic adventitia, and whether participates in adventitial remodeling process. Then we used C57BL/6J mice in vivo and primary rat adventitial fibroblasts in vitro treated with Ang II to investigate whether CYP2J2 gene delivery and exogenous EETs administration could prevent Ang II induced adventitial remodeling.
Materials and Methods
Human aortic adventitia samples
The design of this study complied with the Declaration of Helsinki, and was approved by the Review Board of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. The subjects recruited to this study provided written informed consents. We obtained aortas from five patients undergoing aortic replacement surgery due to aortic dissection. Patients with a history of myocardial infarction and arteritis were excluded. Normal aortic vessels were obtained from age-matched traffic accident victims. The detailed method for human aortic adventitia isolation from media and intima was described previously [19] .Tissue samples were obtained and kept frozen in liquid nitrogen, then stored at -80°C before use.
Primary adventitial fibroblasts cell culture
Adventitial fibroblasts were isolated from normal thoracic aortas of 8 week-old male Wistar-Kyoto rats as described previously [20] with some modification. Briefly, rats were anesthetized, parietal pleura were opened, and the full length of thoracic aortas were removed into cold PBS rapidly. Under sterilization, loose connective tissue was separated and segmental arteries were cut off slightly. Then aortic lumen was opened, the endothelium was rubbed and the media was distinguished gently using forceps. The remaining adventitia was minced carefully into small pieces (1-2mm 3 ) in FBS, placed on 0.1% gelatin-coated dishes and cultured with high glucose DMEM containing 10% FBS, 100U/mL penicillin and streptomycin. The explants were incubated in a humidified incubator at 37℃ with 5% CO 2 , and the medium was changed every 3 days. 3-5 days later, AFs grew out from tissues and reached confluence after 7-10 days ( Fig. 2A) . The purity of AFs was identified by immunofluorescence of Vimentin (AFs marker) and α-SMA (VSMCs marker). Experiments were performed on passages 3-6.
Immunofluorescence
Cells were fixed in 4% paraformaldehyde for 30 min, then permeated by 0.2% Triton X-100 for 20 min and blocked with 5% bovine serum albumin for 2 h at room temperature. The primary antibodies against Vimentin and α-SMA at concentration of 1:100 were used at 4℃ overnight, followed by incubation with Cy3 or FITC-labelled secondary antibody (1:100) for 2 h at room temperature avoid from light. Nuclei was stained with DAPI, then washed with TBST for 5 min, 3 times. Samples were examined by fluorescence microscope.
SOCS3 siRNA transfection 50 nM SOCS3 siRNA (Ruibo, Guangzhou, China) was transfected into AFs with Lipofectamine 2000 reagent (Invitrogen, CA) according to the manufacturer`s instructions. Transfected efficiency was determined by Western blot 36 h after transfection. Experiments were subsequently performed only if the SOCS3 silent effect was more than 70%.
AFs proliferation assay CCK-8 (Dojindo, Japan) assay was used to measure cell proliferation. AFs were seeded into a 96-well plate with 2×10 3 cells/well in 100 μl. After 24 h incubation, cells were pretreated with GW9662 (1μM) or transfected SOCS3 siRNA, then 11,12-EET (1μM) was added, followed by Ang II (10 -7 M) stimulation for 24 h. At the end of intervention, 10 μl CCK-8 solution was added to each well of the plate, and incubated for 2 h. The absorbance at 450 nm was measured using a microplate reader. The relative cell viability was calculated as (OD 450 of treated samples-OD 450 of control samples) / (OD 450 of untreated samples-OD 450 of control samples) ×100%. Each experiment group had 5 duplicate wells and repeated 4 times.
AFs migration assay
Transwell cell culture chamber (Corning, New York, USA) was used to allow cells to migrate through 8.0 μm pore size polycarbonate membrane to observe AFs migration in vitro [21] . Briefly, 3×10
4 cells in 100 μl serum free DMEM were seeded into the upper chambers, while 600 μl serum free DMEM supplemented with different stimulus were performed in the lower chamber. Incubation was continued at 37℃ with 5% CO 2 for 6 h, after which the filters were removed. Cells remaining on the upper surface of membrane (not migrated) were gently rubbed off with a moist cotton swab, and the migrated cells attached on the lower surface were fixed with methanol for 20min, and then stained with 0.2% crystal violet for 1 h. The number of migrated cells was quantified by counting 5 random fields (×100) in each membrane using a light microscope.
Western blot analysis
Following stimulation, cells and aortas were extracted and homogenized, nuclear protein was extracted using Boster Kit according to the manufacturer's instructions [22] . The protein concentration was measured using BCA protein assay Kit. Totally 40 μg protein was subjected to 10% SDS-PAGE gel for separation, and then transferred into PVDF membrane. After blocking with 5% non-fat milk for 2 h, the membranes were incubated with primary antibodies against α-SMA, Collagen I, PPARγ, PPARα, IκBα, p-IκBα, NF-κB p65, Lamin B1, CYP2J2, sEH, β-actin (Santa Cruz Biotechnologies), SOCS3, p-JAK2, JAK2, p-STAT3 and STAT3 (Cell Signaling Technology) overnight at 4℃. After washing by TBST, the membranes were incubated with horseradish peroxidase-conjugated antibody for 2 h at room temperature. Bands were visualized using ECL and quantified with Gel Pro analysis software. β-actin and Lamin B1 were used as reference for total or cytosolic protein and nuclear protein, respectively.
EMSA
Nuclear extracts were prepared as instructions indicated [23] . Oligonucleotides containing NF-κB binding site (5`-AGTTGAGGGGACTTTCCCAGGC-3`) end-labeled with biotin was obtained from Invitrogen. Briefly, The biotin-labeled probe was incubated with 10μg nuclear extracts for 30 min at room temperature in 50 mM Tris-HCl buffer (pH 7.5) containing 2.5% glycerol, 5 mM MgCl 2 , 50 mM KCl, 10 mM EDTA, 0.05% NP-40 and 0.05 μg/μl poly (dl.dc). The protein-DNA complexes were separated in a 5% nondenaturing PAGE gel. The relative bands intensity was analyzed using Gel pro-analysis software.
RNA extraction and quantitative RT-PCR
Total RNA was extracted and reversely transcribed using TRIzol (Invitrogen) and MultiScribe (ABI). Real-time PCR analysis was performed on a 7900HT Fast Real-Time PCR System (ABI). The relative amounts of specific gene transcripts were calculated according to the comparative threshold cycle (2 -△△Ct ) method. Primer sequences for quantitative real-time RT-PCR were shown as following: SOCS3 forward: 5`-CCG AAG CAC GCA GCC AG-3`; reverse: 5`-TCT CGC CCC CAG AAT AGA TGT A-3`; β-actin forward: 5`-GCT CTA TCC TGG CCT CAC TGT C-3`; reverse: 5`-TTG TCA AAG AAA GGG TGT AAA ACG-3`.
rAAV vectors preparation
We used HEK 293T cells to produce type 2 rAAV vectors containing CYP2J2 or green fluorescent protein (GFP) by triple plasmid co-transfection as described previously [24] . The vectors were purified, diluted and stored at -80℃ before injection.
Gene delivery and Animals models
All procedures were approved by the Institutional Animal Care and Use Committee of Tongji Medical College, and conducted in conformity with institutional guidelines. 8 week-old C57BL/6J male mice were purchased from SLAC Laboratory Animal Co, Ltd (Shanghai, China). Animals were treated before experiment. 100 μl rAAV vectors (1×10 11 pfu) were injected via tail veins 2 weeks before Ang II infusion. Adventitial remodeling model was induced by a 14 days continuous Ang II (800μg/kg/d) infusion by subcutaneous osmotic pumps (Alzet, Model 1002, USA) implantation [25] . Mice were randomly divided into 5 groups: GFP group, receiving rAAV-GFP injection; 2J2 group, receiving rAAV-2J2 injection; Ang II + GFP group, receiving Ang II infusion with rAAV-GFP injection; Ang II + 2J2 group, receiving Ang II infusion with rAAV-2J2 injection; Ang II + Hydralazine group, receiving Ang II infusion with hydralazine orally (250 mg/L in drinking water) [26] . Each group included 6 mice.
Blood pressure measurement
Tail cuff method was used to measure systolic blood pressure (SBP) every week with a blood pressure monitor (BP-2010A, Softron, Japan). All mice were first trained daily for 3 days before this study. SBP was determined averaged of 6 consecutive measurements. 
Histological analysis
Mice were sacrificed at the end of the intervention. We obtained the mouse aortas as previous reported [27] . This method has no effect on the aortic adventitial integrity and thickness measurements. Thoracic aortas of each group were harvested, fixed in 4% paraformaldehyde, and embedded in paraffin for histological analysis. Sections were stained with hematoxylin and eosin, and sirius red. Immunohistochemical staining of CYP2J2, α-SMA and PCNA were performed according to the manufacturer's instructions (Zsbio, China).
Evaluation of vascular and circulating EETs levels
EET levels in vessel and serum were analyzed by using both LC/MS and ELISA kits (Detroit R&D, USA) as described previously [28, 29] .
ELISA kits for inflammatory cytokines (IL-6, MCP-1)
The levels of IL-6 and MCP-1 in culture medium and mouse serum were assayed by using ELISA kits from R&D systems following the manufacturer`s instructions.
Statistical analysis
Continuous data were expressed as means ± S.E.M. All data analysis was performed with SPSS 17.0 statistical software. Comparisons between groups were performed by one-way analysis of ANOVA with post hoc analyses performed using the Student-Newman-Keuls method. Two-way ANOVA analysis was used in Comparisons of mouse SBP value between different treatment groups and time points. p<0.05 was considered statistically significant.
Results
CYP 2J2 and sEH expression in human aortic adventitia
To investigate the potential role of CYP/sEH system on adventitial remodeling, CYP2J2 and sEH expressions were detected in human aortic adventitia. Results showed that CYP2J2 expression was lower in adventitia than intima and media, and the levels of sEH in media and adventitia were higher than intima (Fig. 1A) . Interestingly, upregulation of sEH and downregulation of CYP2J2 expression were observed in adventitia of patients with aortic dissection, compared with that in normal population (Fig. 1B, Fig. 1C ), which probably resulted in a net decrease in EETs level in adventitia. Taken together, these data demonstrated that CYP/sEH system existed in adventitia, and was involved in adventitial remodeling process.
EETs inhibit Ang II-induced AFs differentiation
Adventitial remodeling is characterized by adventitia thickening, AFs proliferation, migration, phenotypic transformation, and extracellular matrix deposition [30] . Firstly, the cultured cells were stained negative for α-SMA, but positive for Vimentin, meanwhile both Vimentin and α-SMA were positive in VSMCs ( Fig. 2A) . Our data indicated that AFs were successfully isolated with a high purity.
Ang II is a potent inducer that stimulates phenotypic transformation of AFs into myofibroblasts, which is marked by α-SMA upregulation [31] . To explore the potential role of EETs on Ang II-induced AFs differentiation in vitro, α-SMA expression was detected by Western blot and immunofluorescence staining. As expected, the basic α-SMA expression in AFs was very low, and 11,12-EET, GW9662, SOCS3 siRNA had no impact on α-SMA expression. However, the expression of α-SMA was significantly increased in Ang II group, while pretreatment with 8,9-EET, 11,12-EET, 14,15-EET remarkably alleviated Ang IIinduced AFs differentiation, in which 11,12-EET exerted the highest efficiency (p<0.05) (Fig. 2B) . PPARγ antagonist GW9662 incubation and SOCS3 siRNA transfection before 11,12-EET treatment partially reversed the protective effect of 11,12-EET (p<0.05) (Fig.  2C, Fig. 2D ). In addition, 11,12-EET decreased AFs transformation to MFs determined by immunofluorescence staining, while GW9662 and SOCS3 siRNA alleviated these effects (Fig. 2E ). These data indicated that exogenous EETs inhibited Ang II-induced AFs differentiation via PPARγ and SOCS3 signaling pathways.
EETs inhibit Ang II-induced AFs proliferation
To evaluate the effect of EETs on Ang II accelerated AFs proliferation, AFs were pretreated with 11,12-EET 0.5 h before Ang II stimulation for 24 h. Compared with vehicle group, the OD 450 ratio in Ang II group increased by 46%. Interestingly, a significant antiproliferative effect was observed in Ang II+11,12-EET group (15.72%) (p<0.05) (Fig. 2F) . When GW9662 (1μM) was added 0.5 h or SOCS3 siRNA was transfected 36 h before 11,12-EET administration, the effect of 11,12-EET was reversed (p<0.05) (Fig. 2F, Fig. 2G ).
EETs inhibit Ang II-induced AFs migration
As shown in Fig. 3A , Ang II (10 -7 M) stimulation promoted AFs migration by 7.08 folds compared with control group. Interestingly, 11,12-EET pretreatment significantly reduced these chemotactic effects to 2.81 folds (p<0.05). We next examined the pathway involved in the anti-migratory effect. Results showed that GW9662 pretreatment partially blocked the beneficial effect of 11,12-EET on AFs migration (p<0.05) (Fig. 3A) . Additionally, silencing SOCS3 expression by siRNA also reversed the anti-migratory property of 11,12-EET (p<0.05) by PPARγ antagonist GW9662 administration (p<0.05) (Fig. 4B-4C) . Furthermore, 11,12-EET pretreatment blocked Ang II-induced activation of transcription factor NF-κB, while 11,12-EET alone had no effect on the basal level (Fig. 4D) . We also showed that 11,12-EET pretreatment attenuated Ang II-induced inflammatory cytokine IL-6 and MCP-1 secretion in AFs, while GW9662 pretreatment reversed these effects (Fig. 4E) . These data suggested that 11,12-EET inhibited Ang II-induced AFs inflammatory response through PPARγ-dependent NF-κB signaling pathway.
PPARγ independent SOCS3/JAK/STAT pathway is involved in the beneficial effects of EETs on adventitial remodeling
To further explore the potential mechanisms of EETs in AFs activation, we tested whether the JAK/STAT signaling cascade was involved in this event. As shown in Fig. 6A , the expression of SOCS3 significantly declined when 50 nM different kinds of SOCS3 siRNA were transfected into AFs, and the second one exerted the highest silent effect. We selected this SOCS3 siRNA sequence in following experiment. Excitingly, Ang II stimulation induced JAK2 and STAT3 phosphorylation in AFs, and these effects were abolished by 11,12-EET administration (Fig.  6B) . Interestingly, PPARγ antagonist GW9662 pretreatment did not affect this effect of 11,12-EET, which indicated that these effects of 11,12-EET was independent on PPARγ activation. Furthermore, the level of phosphor-STAT3 in nuclear fraction was found to increase in Ang II group, while the majority of total STAT-3 was present in cytoplasm (Fig. 6C) . Importantly, 11,12-EET incubation reduced the nuclear translocation of phosphor-STAT3 (Fig. 6C) . SOCS3 was a negative feedback regulator of JAK/STAT pathway [34] . We found that 11,12-EET rapidly upregulated SOCS3 mRNA level in AFs, which was cooperated with Ang II stimulation results showed a significant elevation in both vascular 11,12-, 14,15-EET and 11,12-, 14,15-DHET levels were observed after CYP2J2 gene delivery (Fig. 7B) . Similar results were found in vascular and circulating EETs level determined by using ELISA kits. These data indicated that adventitial CYP2J2 gene delivery was established successfully in animal models. We also analyzed the value of EETs to DHETs ratio and found it declined in Ang II + GFP and Ang II + 2J2 group, compared with GFP and 2J2 group, respectively. It was speculated that Ang IIinduced sEH enzyme increase in mouse aorta contributed to the regulation of EET to DHET ratio.
CYP2J2 overexpression suppresses Ang II-induced hypertension
Previous study indicated that CYP2J2 overexpression reduced blood pressure in SHR [9] , and lowing blood pressure contributed to attenuated vascular remodeling [36] . To clarify the direct role of CYP2J2 overexpression on adventitia, hydralazine was used to exclude the blood pressure-lowing effect on adventitial remodeling. As shown in Fig. 7C , systolic blood pressure (SBP) began to increase after Ang II infusion, and continued to rise to 156.3 mmHg at 2 weeks. As expected, rAAV-CYP2J2 gene delivery prevented Ang II-induced increase in SBP level (114.7 mmHg) (p<0.05), which was not significantly different from that of Ang II + Hydralazine group (117.7mmHg) at an optimal dose (250 mg/L). As hydralazine reduced SBP level equal to CYP2J2 overexpression group, it provided an approach to investigate the individual effect of CYP2J2 gene delivery on adventitial remodeling.
CYP2J2 overexpression suppresses Ang II-induced adventitial remodeling
α-SMA is the marker of AFs phenotypic transformation [31] . Ang II infusion led to an obvious increase in α-SMA expression in adventitia, while CYP2J2 gene delivery prevented this effect with negative staining in adventitia, but only positive in media (Fig. 7D) . Moreover, AFs proliferation marker PCNA expression was detected in aortic adventitia as shown in Fig.  7D . Our results indicated that Ang II infusion led to an obvious increase in PCNA expression in adventitia, while CYP2J2 gene delivery prevented this effect. CYP2J2 overexpression also reduced vessel wall thickening and collagen deposition in adventitia induced by Ang II infusion, which were determined by HE staining and Sirus Red staining. Meanwhile, as shown in Fig. 7D , hydralazine treatment also partially inhibited adventitial remodeling. However, CYP2J2 gene delivery showed better effects on adventitial remodeling than hydralazine group. Taken together, these results indicated that CYP2J2 overexpression exerted both blood pressure dependent and independent beneficial effects on adventitial remodeling. 
CYP2J2 overexpression reduces Ang II-induced adventitial inflammation
Adventitial inflammation plays an essential role in the pathogenesis of vascular remodeling [7] . As expected, Ang II infusion increased nuclear NF-κB p65 expression and IκBα degradation of mouse aortas (Fig. 8A, Fig. 8B ), as well as JAK2 and STAT3 phosphorylation in aortas (Fig. 8C) , while CYP2J2 overexpression significantly attenuated these effects induced by Ang II infusion. Moreover, CYP2J2 gene delivery increased SOCS3 expression, which acted as a feedback regulator of JAK/STAT pathway (Fig. 8C) . Importantly, hydralazine exerted no obviously regulatory effects on NF-κB and SOCS3/JAK/STAT signaling pathways. Furthermore, ELISA analysis showed that CYP2J2 overexpression suppressed the secretion of inflammatory cytokines IL-6 and MCP-1 induced by Ang II infusion (Fig. 8D) . These data indicated that CYP2J2 overexpression remarkably inhibited adventitial remodeling via attenuated adventitial inflammatory response.
Discussions
In this study, the effects of exogenous EETs addition and CYP2J2 gene delivery on Ang II-induced adventitial remodeling were investigated in vitro and in vivo. We demonstrated that CYP/sEH system existed in aortic adventitia, and participated in adventitial remodeling process. Importantly, we provided evidence that 11,12-EET administration inhibited Ang II-induced AFs proliferation, migration, differentiation and collagen synthesis, and these beneficial effects were mediated by PPARγ-dependent NF-κB and PPARγ-independent SOCS3/JAK/STAT inflammatory signaling pathway. Moreover, CYP2J2 overexpression significantly attenuated Ang II-induced adventitial remodeling in blood pressure dependent and independent manner. These results suggested that increasing EETs by CYP2J2 gene delivery could be considered as a novel approach to attenuate adventitial remodeling.
EETs exert a beneficial role in the therapy of cardiovascular disorders, including hypertension [9] , atherosclerosis [11, 12] , and abdominal aortic aneurysm [13] . The metabolic balance of EETs is determined by CYP catalysis and sEH hydrolysis [8] . There is adventitial remodeling process in the aortas of patients with aortic dissections [37, 38] . In our study, CYP epoxygenases and sEH were found to exist in adventitia. Moreover, the adventitia of patients with aortic dissection exerted CYP2J2 inhibition and sEH activation, which decreased aortic EETs level, compared with normal populations. These results indicated that CYP/sEH system played important roles in adventitial remodeling process, which partly elucidated the pathogenesis of vascular disease, and provided a novel therapeutic target for the treatment of vascular disease in clinical practice.
Type 2 rAAV serotype is widely used in gene therapy, which is characterized by nonpathogenic, broad range of infectivity, long and stable transgene expression [39] . Our laboratory has established a rAAV-mediated CYP gene delivery vector to increase EETs generation in heart, aorta, and liver [13, 40, 41] . Here, we used type 2 rAAV mediated CYP2J2 gene delivery led to abundant aortic CYP2J2 expression and elevation of circulating and vascular EETs level. The high level of EETs affected adventitial remodeling process.
Adventitial remodeling is characterized by AFs proliferation, migration, phenotypic transformation and extracellular matrix synthesis [7] . CYP2J2 enzyme converts arachidonic acid to all four EET regioisomers. In the present study, we found that 8,9-EET, 11,12-EET and 14,15-EET remarkably alleviated Ang II-induced AFs differentiation, and 11,12-EET exerted the higher efficiency. Besides, the anti-inflammatory effect of 11,12-EET was widely explored in various disease models, including endothelial dysfunction, lung ischemia/reperfusion injury, Crohn's disease, and obesity. According to our data and previous reports, we selected 11,12-EET as a representative in our cellular experiments in vitro. Other regioisomeric EETs may also contribute to the protective effects of CYP2J2 overexpression on adventitial remodeling, but it still needs to be further elucidated. Meanwhile, CYP2J2 overexpression markedly attenuated Ang II-induced aortic adventitial phenotypic transformation. Myofibroblasts are highly activated cells that exhibit proliferative and migratory properties.
Previous research indicated that sEH inhibitor markedly inhibited fibroblasts proliferation and migration in cardiac fibrosis post-myocardial infarction [42] . In this study, we found 11,12-EET inhibited AFs proliferation and migration via PPARγ-dependent NF-κB and PPARγ-independent SOCS3/JAK/STAT inflammatory signaling pathways. Vascular fibrosis is one of the major changes in vascular diseases. Imbalance between ECM synthesis and degradation determines its abundance in vasculature [30] . Collagen Type I and Type III are the major vascular collagen, while mechanically stable collagen type I accumulates in the pathological process, and plays an important role during vascular remodeling [43] . Ang II participated in the fibrotic process during vascular damage, and adventitia was the main collagen deposition site in aortic wall [30] . CYP/sEH system was found to be involved in the process of fibrosis in various vascular abnormalities [44, 45] . In our experiment, Ang II incubation increased collagen I expression in AFs, and 11,12-EET partially abolished this effect via PPARγ activation and SOCS3 induction. Meanwhile, CYP2J2 overexpression reduced adventitial collagen deposition in vivo. Taken together, our data demonstrated that CYP2J2 overexpression prevented Ang II-induced adventitial remodeling through PPARγ-NF-κB and SOCS3/JAK/STAT signaling pathways. There are many other types of stimulus which could induce adventitial remodeling, such as TGF-β, hypoxia, hypertension, and adventitial inflammation. We also found 11,12-EET inhibited TGF-β-induced adventitial fibroblasts differentiation and migration (data not shown). It is speculated that CYP2J2-derived EETs attenuated TGF-β-induced adventitial remodeling. Growing evidences suggest that DHETs have biological activity in some systems. 11,12-and 14,15-DHET can hyperpolarize vascular smooth muscle [46] and endothelial cells [47] via activating Ca 2+ -activated K + channels, and enhancing the channel sensitivities to Ca 2+ and voltage. In this study, we focused on EETs' effect, but did not evaluate the effect of DHETs on adventitial remodeling. We will design a more detailed experiment to explore the effects and mechanism of DHETs on adventitial remodeling in the near future.
It has been documented that aortic AFs participated in Ang II-induced vascular wall inflammation and remodeling [6, 7] . EETs may be PPARγ ligand [16] , and PPARγ agonists attenuated Ang II-induced inflammation via NF-κB pathway [48] . Additionally, EETs exerted anti-inflammatory effect via inhibiting IκBα degradation and NF-κB translocation [15] . Our experiments suggested a crucial role of PPARγ-NF-κB pathway in the anti-inflammatory effect of exogenous EETs administration and CYP2J2 overexpression. 11,12-EET inhibited Ang IIinduced IκBα phosphorylation and subsequently NF-κB nuclear translocation in AFs, which can be partially abolished by PPARγ antagonist GW9662. These results were consistent with previous study [13, 49] . However, different cell types or treatment may cause heterogeneity of our work and previous data from Cui et al. [50] and Choudhary et al. [51] that Ang II causes minimal IkB degradation and is probably not responsible for p65 translocation. Furthermore, AFs secreted numerous inflammatory cytokines and chemokines to accelerate vascular remodeling, especially IL-6 and MCP-1 [6, 37] . CYP2J2 gene delivery and 11,12-EET adminstration were found to abolish Ang II-induced IL-6 and MCP-1 production in vivo and in vitro. However, while 11,12-EET exerted regulatory effect on PPARα activity, PPARα antagonist GW6471 did not reverse Ang II effect on AFs differentiation and migration, and 11,12-EET displayed no linking with PPARδ. These results indicated that CYP2J2 overexpression inhibited Ang II-induced inflammatory response via PPARγ-NF-κB signaling pathways, rather than PPARα and PPARδ related manner.
Abundant researches concerning the anti-inflammatory mechanism of EETs are based on PPARγ-NF-κB pathway. However, there may be another novel underlying mechanism, as GW9662 pretreatment did not reverse the effect of EETs completely. Previous data indicated that JAK/STAT signaling pathway regulated inflammatory processes in various vascular cells, and Ang II activated this signaling pathway in cardiovascular diseases [52] . Meanwhile, JAK/ STAT signaling pathway regulated cells proliferation, migration and survival [53] . Our present study showed that 11,12-EET attenuated Ang II-induced JAK2/STAT3 phosphorylation, followed by phosphor-STAT3 nuclear translocation. These results were not consistent with that 14,15-EET stimulated the tyrosine phosphorylation and nuclear translocation of STAT-3 in human dermal microvascular endothelial cells [54] . It is speculated that the differences in cell type and treatment duration contributed to these inconsistence. Interestingly, PPARγ antagonist GW9662 pretreatment had no obvious impact on the effect of 11,12-EET on Ang II-induced JAK2/STAT3 phosphorylation, which indicated that 11,12-EET regulated JAK2/ STAT3 signaling pathway in PPARγ-independent manner. These observations were consistent with the view of Ji et al. in monocyte [55] . SOCS3 is a negative feedback regulator of JAK/ STAT signaling pathway [34] . Interestingly, we found 11,12-EET and CYP2J2 gene delivery upregulated SOCS3 expression, thus inhibited JAK2/STAT3 inflammatory signaling pathway activation. As SOCS3 silence not only abolished the effects of EETs, but also alleviated the negative feedback regulation on Ang II-induced JAK/STAT activation, SOCS3 siRNA slightly reinforced Ang II-induced differentiation, proliferation, migration and collagen synthesis in AFs. These results were consistent with previous study in pancreatic acinar cells [18] . Moreover, SOCS3 silence reversed the effect of EETs on JAK/STAT pathway. Further studies are needed to evaluate the mechanism of EETs induced SOCS3 expression. Our results indicated that CYP2J2 overexpression reduced Ang II-induced inflammatory response via PPARγ independent SOCS3/JAK/STAT signaling pathway.
It has been reported that lowing blood pressure partially contributed to attenuate vascular remodeling [56, 57] . As expected, Ang II infusion elevated systolic blood pressure (SBP) in C57BL/6J mice, and CYP2J2 overexpression prevented this hypertensive effect, which was in consistent with previous study in SHR [9] . It confused us for the antihypertensive effect or direct action of CYP2J2 overexpression on adventitia. In this study, hydralazine, as a vasodilator directly-act in vascular smooth muscle cells of arteries and arterioles [58] , was used to exert an equal anti-hypertensive effect as CYP2J2 group [26, 58] , which can exclude blood pressure lowering effect of CYP2J2 overexpression on adventitial remodeling process. Interestingly, we found that even though hydralazine treatment partially attenuated Ang II induced adventitial remodeling, but importantly CYP2J2 gene delivery exerted better protective effects than hydralazine. Furthermore, CYP2J2 overexpression, rather than hydralazine inhibited NF-κB and SOCS3/JAK/STAT inflammatory signaling pathways.
In conclusion, these data suggested that the protective effect of CYP2J2 overexpression on Ang II induced adventitial remodeling was mediated by blood pressure dependent and independent manner. In summary, the present study provided evidences that rAAV-CYP2J2 gene delivery remarkably attenuated Ang II-induced adventitial remodeling in vitro and in vivo. The beneficial effects were associated with attenuated adventitial inflammatory response mediated by PPARγ dependent NF-κB and PPARγ independent SOCS3/JAK/STAT signaling pathways as shown in Fig. 9 . These results provided evidence that CYP2J2-derived EETs may serve as a novel therapeutic strategy for adventitial remodeling related diseases.
